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Formulation of the problem. In the field of ecology the investigation of spatial analysis of objects is almost not considered, while landscape science, on the contrary, has rich and well-studied traditions. To solve various issues of geosystems' dynamics in landscape investigations, it is necessary to involve the concept of ecology. In general, in the field of ecology and landscape science, we can find many combining and complementary situations, theoretical positions, methods, whose synthesis involves formation of landscape ecology theoretical basis [1] .
Agricultural production is inextricably linked with landscapes. The soil cover and its quantitative and qualitative status is one of the most important components of land.
Modern integrated field studies envisage not only obtaining the necessary information about the landscape and landscape-forming processes, but also using it during environmental research. Various forms of obtaining landscape information are used: substantiation, recommendations, special maps, schemes, models, etc. [1] [2] .
A comprehensive system approach to the rational use of natural resources and public health protection in conditions of intensive anthropogenic loading on the environment raises the problem of assessing the ecological state of landscapes and the possibility of fulfilling their respective ecological functions in the foreground [3] .
Actual scientific researches and issues analysis.
Measures to stabilize and restore the ecological state of landscapes and soils as their integral part require the ecological assessment of the environment conditions and the efficiency of land resources use. This assessment has a number of territorial features, which are easier and more explicitly explored by mapping methods. This suggests the need to create a general or universal landscape-ecological database that would provide substantiation of specific decisions on the ecological safety of the territories [4] [5] .
The content of such a database should be as comprehensive as possible, versatile, reliable and objective landscape-ecological characteristics of the environment. It is possible to provide the abovementioned needs using GIS with modern mapping methods. The complexity of the task is determined by the peculiar study objects -a great variety of parameters characterizing the qualitative state of the environment.
Geographic information systems enable us to automate and accelerate the process of obtaining the necessary information at the right moment, integrating data from different sources, and ensuring in-teroperability with other systems and technologies used in the process of regional development management (V.M. Bagrov, T.V. Kotova, L.F. Yanvariova) [6] .
Such systems are intended to provide the executive authorities and local government with reliable information on the current state of natural resource potential, human resources, environment, economic and social situation in the region with subsequent transition to scientifically grounded forecasting according to certain models. Regional GIS, both complex and thematic, should be developed according to the approaches adopted for the development of the national GIS proposed by L.G. Rudenko, V,S. Chabaniuk and others [4] [5] [6] .
According to domestic studies (M.V. Bahrov, V.O. Bokov et al.) and foreign scientists [7] [8] [9] , the conceptual data model for the needs of ecological and environmental mapping should include the information on:
-natural and socio-economic systems as determinants of nature use;
-ecological conditions of the region and its evaluation;
-measures to optimize nature use; -the expected effectiveness of their implementation.
The ecological aspect of the geosystems' study has a number of approaches. Geography, as a science that uses environmental assessment criteria, can address a multitude of issues related to protection and optimization of disturbed territories. They are reduced to the geosystems' management, which is possible only on an ecological basis. Ecology, as a science, is the filter through which it is necessary to skip geographic information before it is used in solving economic issues. Natural environment is characterized by spatial variability. It is this property that is of great ecological significance. Therefore, the geographical study of it is a prerequisite for landscape and environmental research. An important feature of geographic research is the great potential of a systematic approach to the study of natural and social phenomena that can be used in environmental studies [4, 6, 9] .
Correct assessment of the natural fertility in forestry is a prerequisite for a successful solution to the practical issues of forest cultivation. Any forest massifs are formed and function with the close interaction of various natural factors: climate, relief, vegetation, soil cover and underlying rocks and constitute a set of interconnected complicated physical and geographical processes. The landscapeecological approach gives an opportunity to study the structure of forest masses -the product of zonal and azonal factors, as well as the diversity of land-scape types on a particular territory, to consider the interconnection between the biological diversity of forests and the basis of the landscape -the lithological framework [10] .
The average value of optimal forests index in the forest-steppe zone varies within 20%. Approximately the same area is occupied by meadow-steppe and wetland groups of vegetation.
According to the estimations of scientists, landscape-ecological optimization of the territory is achieved with the harmonious combination of natural and anthropogenic landscapes in the ratio of 3: 2 of landscape structure [11] .
Thus, at least 40% of the territory of any forest steppe region should be occupied by natural landscapes, and according to J. Odumup to 60% [12] .
Consequently, the efforts of geography, cartography and ecology are aimed at preservation of the natural environment, or rather spatio-temporal peculiarities of the organisms' interaction with the environment. This interaction takes place in different socio-natural conditions, at the level of specific ecosystems and geosystems, that is, on a certain territory. This forms a new research objecta geosecosystem that enables us to use different geographic approaches to their investigation [6, 12] .
The most important feature of geosystems is their territorial integrity, ties, and stable structure. The number of elements in such systems and the existing interrelationships between them give a general idea of the scale of this system. The description of the elements is the starting point for studying its integrity, that is, the internal unity of the object.
In the studies by B.F. Ostapenko and D.V. Vorobyov the criterion for the forest type allocation is the indigenous forest association, which is the result of the development (evolution) of the vegetation cover. It has a certain composition of forest-forming wood species, a certain natural biological productivity, the magnitude of which is a source for comparing and assessing natural and actual productivity of a particular area of forest area related to this type of forest [13, 14] .
In a geographical aspect, each type of forest occupies different by size but unique geographical and climatic range, determined by the combination of characteristic wood ranges, and sometimes shrub species belonging to the fundamental plant association. At the same time, in each sector or district of forestry-typological zoning (according to Morozov type of forest massif) only one type of forest located along the plains is zonal. In the mountains it is of altitudinal zonation, all other types of forest are intrazonal.
In the eco-taxonomic aspect, the forest type is one of the main taxons of the typology. As a climatic and isometric form it enters a larger taxonthe type of forest area, homogeneous in soil fertility. Under specific conditions, it may be presented in various ways. Smaller units are the types of woodland and their analogues, i.e. the types of shrubs, grass, formed in the forest type as a result of human activity or the action of natural phenomena [14] .
The main purpose and significance of such studies is the purposeful study of the components in the landscapes structure, the dynamics of natural and socio-economic elements for solving a specific scientific or practical task. In the case of an in-depth mapping study of geosystems, a number of conditions must be met:
-to develop spatial and content classification of geosystems and scientific analysis of the latter;
-to establish the specifics of their mapping for all sections in the classification of geosystems which involves the reproduction of the main components and interconnections, as well as the features of generalization for each hierarchical level;
-to use regularly the method of division for the study of complex geosystems.
In each particular case, the purpose and strategy of landscape-ecological mapping study is different. It depends on whether the analysis of the selected geosystem is carried out, or the system from the investigated elements is synthesized. Since the starting positions are different, the planning and organization of the study will also be different. It is necessary observe the territory, time, level of study, degree of generalization, scale, language [15] [16] .
During the development of the edaphic grid we used a comparative and ecological method for assessing soil conditions for the forest-based effect, that is, by species composition of vegetation and productivity of indigenous forest vegetation groups. To evaluate (indicate) soil fertility, plants were divided into ecological groups according to the requirements for moisture and soil richness, based on the forestry "scales of demands" and ecological grouping of plants adopted in geobotanics. According to the ordinate of soil richness (or trophy) "scale of demands " of wood species to the soil were used to establish forest groups (trophotops), developed by G.F. Morozov and M.K. Turskyi, as well as distribution of plants on oligotrophs, mesotrophs and megatrophy accepted in the geobotanics [14, 15] .
In the practice of forest management and longterm planning of forestry the knowledge of trophotops is necessary when selecting the main types of the forestry, in determining natural productivity of land and its reserves. It is also essential in the period of clearing and reconstruction of plantations, when selecting forest trees and designing the types of crops for logging, etc.
Therefore, in a detailed approach to assessment of forest vegetation conditions, edaphic and climatic variants of trophies, such as acidiphilic, calcium, nitrophilic, thermal, etc., are allocated as additional ordinates. Their allocation is necessary in the course of scientific research and in the implementation of some forestry measures.
Types of cover are of interest for us in terms of indications related to soil and moisture. The type of forest area can be established only if there are species of different ecological characteristics, different environmental properties in the composition of plants.
Thus, edatop is determined by the composition of plants (main feature) belonging to different ecological groups. It is very easy to make a mistake taking into account the species of only one ecological group, while the presence of species with different ecological characteristics gives us the opportunity to very confidently determine the type of forest area.
In the development of edaphic grid we applied a comparative-ecological method for assessing soil conditions for the forest-based effect, i.e. species composition and productivity of indigenous forest vegetation groups, considered as a system of vegetation and habitat. From an environmental point of view it is a reflection of the environment, as its forestry effect. Plants were divided into ecological groups for the assessment (indication) of soil fertility for demanding moisture and soil richness.
The basis for this was given by the forestry "scales of demands" and the ecological groupings of plants taken in geobotanics. According to the ordinate of soil richness or trophy for the establishment of forest groups (trophotops), scale of demanding of woody rocks to the soil was used, as well as the separation of plants in oligotrophs, mesotrophs and megatrophs adopted in geobotanics. Similarly, the soil moisture ordinates have been constructed. To establish moisture groups (hygrotops), there were accepted geobotanical groupings of plants including xerophytes, mesophytes, hygrophytes and surfacecovering groups, established by A.A. Krudener These groups are used to determine the (indication) of edotopes in nature [13] [14] [15] [16] .
Identification of previously unsettled parts of the general issue. The methodological bases of the landscape-ecological analysis of the territory, the issue of rational nature management and the resolution of environmental problems of a specific region are not clearly outlined in the literature today. To resolve these issues, it is necessary first of all:
-to clearly formulate the main theoretical and methodological aspects of ecological analysis and assessment of landscapes;
-to identify patterns of spatial diversity of natural and human-made complexes of the studied territory, background geochemical and geophysical functions of natural components; -to conduct a structural and functional analysis of anthropogenic landscapes;
-to develop (supplement) the methodology of landscape and ecological evaluation of the properties of natural complexes in different taxonomic ranks, the role of components in the formation of the ecological situation;
-to assess the ecological condition of a particular territory, namely, the arboretum on the territory of the educational campus of the V.V. Dokuchayiv KhNAU in Kharkiv district, Kharkiv region.
Purpose statement: The purpose of this work was to study the landscape and ecological structure of the forest massif, to identify the relationship between the components of landscapes on the example of V.V. Dokuchayiv KhNAU arboretum by mapping the territory.
Presentation of the main material. The main task of landscape-ecological investigations is the development of landscape bases for solving various ecological problems of the environment and the scientific substantiation of ways to optimize its state through mapping modeling.
Before conducting special investigations, it is necessary to have materials of landscape field mapping and laboratory analysis of samples of landscape components, both background and anthropogenically loaded and contaminated. Today, different methods of investigation are used, namely: landscape profiling, continuous shooting on key sites, conjugated testing in autonomous and subordinate elementary landscapes, etc. Around the sources of pollution, a more detailed landscape-geochemical mapping is performed on the morphological units and chains. Radial (around the source of pollution) and cascading (swimming pools of the small year) routes are applied.
The main source of information about soils, their ecological status, evaluation, use is the data of landscape-ground surveys and surveys, recorded on plans, maps, photographs and models of the area.
Prospective development of scientific research and advanced manufacturing mapping experience shows that remote measurement methods that allow large areas to be covered efficiently detect most soil and landscape parameters, provide the opportunity to automate the collection, processing, analysis and mapping of spatial information about an object. Also the direction of forecast mapping modeling becomes more and more popular, which allows to predict the development of certain processes in the environment.
To conduct the investigation, the arboretum's territory of V.V. Dokuchayiv KhNAU's educational campus was selected.
Geographical position of the arboretum. The arboretum is the part of the green zone of the educational campus of V.V. Dokuchayiv KhNAU. It is located in the north-east of the educational campus.
In the north, the park borders on the experimental field, in the north-easton the country and in the easton garage cooperatives, in the southon a residential area, along the western border there is a road leading to the township Rohan, and across the road there is Veterans Park (Fig. 1) . Currently the arboretum covers the area of 23.20 hectares. It includes collection (exposition) areas -23 blocks with a total area of 14.10 hectares; flowerbed -0,70 hectares; introductory nursery of about 1.0 ha; a collection of perennial flowers -0,30 hectares; archival-clone and seed plantations of pine and oak -6,50 hectares; the molded bed for the pond is 0.60 hectares (in the designing the pond the close occurrence of a strong sand layer was not taken into account, therefore, water disappears quickly and the pond only operates for a short period), mother plantation of hazelnuts -0.24 hectares, the household yard [17] [18] [19] . Fig.1 . Spatial-functional structure of the arboretum [17] Equivalence The arboretum is the object of the natural reserve fund of Kharkiv region of national importance. The purpose of establishing was: -in artificial conditions preservation of collections of living plants and other botanical objects having scientific, educational, economic and cultural significance; -conducting research works; -conducting educational, pedagogical and ecological-educational work in the field of botanics and nature protection, plant growing and selection, ornamental horticulture and landscape architecture.
Soil-climatic conditions of the arboretum. To investigate landscape-ecological conditions, typical combinations of certain subtypes and varieties of soil with the typical forest-germination types, defined as forest-based conditions, were considered in the paper. This concept is an important forestry indicator that characterizes homogeneous forest-based conditions on forest plots covered and uncovered with forest vegetation. The edaphic grid of Alekseyev-Pohrebniak, specified by B.F. Ostapenko is used for their classification [14] , based on combinations of moisture and soil richness. Such combinations are called edatopes. In our case, this is fresh ground (D2). Forest ecologists estimate it as the most fertile habitat, where soils rich in nutrients (loamy and clay-rich) are covered with vegetation with a prevailing number of megatrophs. Mesotrophs are found only in the upper woody tiers.
So, the soils here are typical black soils average -washed, which are bedrocked with loess loams on a thick layer of Neogene sands (the Poltava tier, according to the classical scheme of its stratigraphic division, recognized by soil scientists following Kharkiv geologists D. Sobolev, I. Remizov, et.al.) .
The soil of the test site territory is classified by the authors as the following agro-groups, according to the generally accepted "Nomenclature list of agro-industrial groups of soils in Ukraine": 65eordinary chernozem soils weakly eroded heavy-argillaceous and light-loamy 66гordinary chernozem soils mediumeroded light-argillaceous 66дordinary chernozem soils mediumeroded medium-argillaceous 63дordinary chernozem soils salt-washed medium-argillaceous 209гwashed chernozem soils and meadowchernozem light-argillaceous soils (Fig. 2) .
Fig. 2. Cartogram of agro-industrial groups of soils on the territory of the arboretum
Continental climate with unstable moisture. Average annual air temperature is +6.5 ° С with a variation from +38 to -35 ° С. The frost-free period is 113 -200 days. The average annual rainfall is 520 mm with a variation of 330 to 740 mm. The rainless period can last from 10 to 52 days. A term with a relative humidity below 30% may be 24 or more nights. On these days there are dry winds and droughts. The study of changes in the annual amount of precipitation observed and studied by many scientists in recent years, according to the township Rohan (experimental field of KhNAU near the arboretum) makes it possible to claim that there is a continental type of annual flow of precipitation in general in this territory. According to it, their maximum amount is during a warm period. The territory belongs to an area with unstable moistening [20] .
The authors created the information base for an automated system of landscape ecological maps, which consists of a database of cartographic information and a database of thematic data about the investigated area.
The cartographic database includes the following materials:
1. A spatial-functional structure of the arboretum, which provides information on the contours and qualitative state of the territories (Fig. 1) , and the cartogram of agro-industrial groups of territories (Fig. 2 ).
2.
A digital image of the investigated area (Fig.  3) . Aerospace images provide fast information about the landscape, coverage of large areas, simultaneous transfer of many of their properties in different ways, using the entire range of electromagnetic spectrum. This makes aerospace information one of the main sources in the information system of automated cartographic systems. It has radically changed the traditional ways of composing landscape maps. All these materials are a traditional topographic basis for mapping landscapes. 3. Digital model of relief (Fig. 4) . A multidimensional analysis of an object, process or phenomenon is increasingly used when conducting research in ecology. Comprehensive characteristics of the studied environment are used as mathematical dataspatial, temporal, quantitative and qualitative. Given the available data, the type and nature of information used during modeling, different methods of constructing models are chosen.
Digital model of relief is intended for interactive visualization and has the effect of presence on the ground. In our case, it reflects the location and numbering of soil samples selected for laboratory studies.
Such models are used to substantiate measures to optimize land use in order to restore and stabilize the ecological situation, assess the naturerecreational potential of the territory, monitor the components of the environment, predict the devel-opment of transformation and degradation processes and environmental phenomena.
Cartographic modeling is of interest to researchers, since this is the most laconic way to streamline a large amount of geographic information. This direction is particularly relevant for those areas where the map is a means of creating sound concepts of spatial and temporal patterns that take place in the landscape-environmental field of research. It is absolutely impossible to explore them locally. That is why 3D landscape modeling has great prospects.
Along with the purely cartographic information, the database must also be filled with statistical information.
Applied landscape geochemical surveys. Samples from the upper fertile soil layer were selected for research on the arboretum territory and the content of the moving forms of heavy metals (iron, ma--place and number of soil sample selection nganese, zinc, copper, nickel, lead, chromium and cadmium) was determined by atomic absorption spectrometry (Fig. 4) .
The obtained results show the following. The accumulation of elements occurs in areas of the ter-rain lowering due to runoff of surface and groundwater. The most dangerous of these are lead, cadmium, chromium, nickel, whose concentration exceeds the acceptable concentration (AC) up to 3-4 times, or are on the verge of excess (Table 1) . The highest concentrations of heavy metal content were found in the lower reliefs, near the motorway adjoining the park, as well as on high slopes (Fig. 5) .
The influence of the site position on various elements of relief and exposure on the soils properties to date has not been studied in detail yet.
The statistical processing of the results was ai-med at revealing the relationship between the content of heavy metals and a number of indicators that could affect their accumulation: distance to the highway, depth of the sample, the slope steepness and the average elevation of the selection point above the sea level. As a result of the conducted research, the ranking of factors (characteristics of soil samples) for the soil, iron, manganese, zinc, copper, nickel, lead, chromium and cadmium contents was performed. In the first place there is the height of the sampling point of the soil, in the second place there is the distance to the road, in the thirdthe slope steepness, and the fourththe depth of sampling (Table 2) .
Thus, we can conclude that distribution of heavy metals in the studied area mainly depends on the height of the terrain. That is, with the relief lowering substrate with metal-containing substances washes out and is removed with groundwater.
Based on our research, we can draw conclusi-ons about the nature of heavy metals behaviour in the soils of the investigated area: they can be divided into two different groups. The first group includes copper, nickel, chromium, cadmium. Their content in the soil slightly changes with depth and practically does not depend on the landscape position of the point. Accumulation in the humus horizon is poorly expressed. The second group includes iron, manganese, zinc and lead. These elements accumulate mainly in the humus horizon, which may be due to low humus content in the soils. Assessment of the territory condition is given in Table 3 . Today, there are a lot of research results on the harmful effects of heavy metals on the environment, methods for their identification and mapping in the literature. But the problem of preventing the accumulation of heavy metals in soils is not clearly represented; for the most part they are expensive and long-term measures.
In our opinion, phytoremediation is a promising direction in solving such problems [21] [22] . Its significant advantage is that these measures are absolutely harmless to the environment. They are much cheaper than other methods and have substantial public support. With implementing of phytoremediation methods, there is less secondary pollution, physical and granulometric composition of soils does not deteriorate, biological activity does not decrease, and productivity is kept constant. This technology is most convenient for cleaning of moderately polluted soils, which is well suited to our case. Such technology is absolutely safe from the ecological point of view, as it does not destroy the natural fertility of the soil, reduces the soil erosion and increases its aeration. Such processes stimulate soil microflora to decompose organic contaminants and promote the absorption of harmful substances by the plant.
Conclusions. The landscape-ecological approach is currently used in solving many scientific problems, both theoretical and practical. For example, in the area of sustainable development of territories, which is an integral part of nature use optimization, the agro-landscapes management is used, as well as in the district method of forest management.
The landscape-ecological method as a component of the district method is used in national parks and nature reserves to ensure the conservation and, if necessary, in the restoration or reconstruction of indigenous forest ecosystems, increase of ecological, scientific, recreational value of forest landscapes, their socio-economic use.
The main goal of developing such methods is collection, systematization, analysis and processing of high-quality and reliable information as a result of complex landscape-ecological analysis of territories, as well as forecasting of environmental problems and ways of their solution or prevention.
LANDSCAPE-ECOLOGICAL INVESTIGATIONS MAPPING OF V. V. DOKUCHAYIV KHNAU ARBORETUM'S TERRITORY
Formulation of the problem. This article briefly describes the main problems that arise during landscape and ecological investigation of territories. On the example of V.V.Dokuchayiv KHNAU's arboretum the comparative and ecological method of estimating the soil conditions for the forest-based effect, i.e. species composition and productivity of indigenous forest vegetation groups is considered. The forest represents a system of vegetation and habitat. From the ecological point of view it is a reflection of the environment, as its forestry effect. The objective is also to justify measures aimed at solving urgent landscape and environmental problems, namely, transformation and pollution of the natural environment, the development of morphodynamic processes.
Soils, as the element of the landscape, are an important block of ecosystems whose destruction has a multidimensional value for the stability of the natural environment. Aggregate soil transformation has tradi-tionally been evaluated as progressive. However, scientific analysis suggests that extensive farming, inappropriate chemical fertilization and fetishization of pesticides have led to a significant decline in fertility, and in some cases, its loss due to the development of erosion of natural soil cover on large areas. Such processes stimulate soil microflora to decompose organic contaminants and promote the absorption of harmful substances by the plant.
The landscape-ecological approach is currently used in solving many scientific problems: both theoretical and practical.
The purpose of the article. The purpose of this work was to study the landscape and ecological structure of the forest massif, to identify the relationship between the components of landscapes on the example of the V.V. Dokuchayiv KHNAU's arboretum by mapping the territory.
Methods. The authors' own achievements as well as the research results of domestic and foreign investigators made the methodical basis for the article.
Results. The content of heavy metals on the territory of the arboretum is investigated, a ranking of factors influencing the distribution of concentrations of pollutants has been carried out and the type of ecological situation is determined by means of mapping methods.
Modern and ecological methods of disturbed territories' restoration with the help of phytotherapeutic technologies, which are much cheaper and safer, are offered. When implementing phytoremediation methods, there is less secondary pollution, physical and granulometric composition of soils does not deteriorate, biological activity does not decrease, and productivity is kept constant. This technology is most convenient for cleaning of moderately polluted soils.
Scientific novelty and practical significance. One of the main mechanisms for regulating the ecologization of land resources is the identification, evaluation and implementation of the maximum possible reserves for increasing the efficiency of this process. This is reduction of unproductive losses in the mode of use and conservation of resources and the possibility of using the basic solution as a scientific and technological progress. Digital terrain models are designed for interactive visualization and have an effect of presence on the ground. Such models are used to substantiate measures to optimize land use in order to restore and stabilize the ecological situation, assess the natural recreational potential of the territory, monitor the components of the environment, predict transformation and degradation processes and environmental phenomena development.
Keywords: landscape-ecological investigations, cartography, edotopes, trophotops, edaphic grid, arboretum.
